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BRAKING SYSTEM FOR CONTROLLING 
THE BRAKING OF A TRAILER 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The invention relates generally to a braking system for 
controlling the braking of a trailer hitched to a tractor, and 
more particularly to braking a semitrailer, While taking into 
account the load condition of the trailer. 

According to the regulations of the European Union, not 
only all tractors but also all trailers must be provided With an 
automatic load-dependent braking system (automatic load 
dependent poWer proportioning system) in order to be able 
to adapt the brake poWer to the respective load conditions. 
An example of the construction of a conventional brake 
system for commercial vehicles is shoWn in the Automotive 
Engineering Manual by Bosch, 21st Edition, Pages 620, 
plus. In contrast, such a regulation does not eXist in the US. 
and in Japan and in other markets, Which is particularly 
disadvantageous With respect to the Wear of the tires and the 
directional control during a braking operation. Furthermore, 
for an empty or partially loaded trailer, under conditions of 
a normal operational braking and Without an automatic 
load-dependent brake poWer proportioning system, the 
trailer Wheels may lock. This results in a reduced directional 
control and an increased Wear of the tires. In countries 
Without a corresponding regulation, an automatic load 
dependent brake poWer proportioning system function is 
often not introduced for reasons of cost. 

US. Pat. No. 4,640,556 shoWs a load-dependent brake 
pressure control system for motor vehicles and/or trailer 
braking systems. 

German Patent Document DE 22 41 704 A1 also shoWs a 
pressure-medium braking system for motor vehicles having 
tWo brake circuits in the tractor. One brake circuit carries 
pressure medium for the brakes of the front aXle and the 
other brake circuit carries pressure medium for the brakes of 
the rear aXle of the tractor. Further, a trailer braking control 
valve is arranged on the tractor, Which control valve has tWo 
pressure medium inputs and one pressure medium output. 
The pressure of the brake circuits are connected respectively 
to the tWo pressure medium inputs. This control valve 
operates as a “select-high” valve and lets the higher pressure 
on its tWo inputs pass through to the output. The output 
pressure is then connected by a pressure medium pipe With 
the brake cylinder of the trailer. 
An automatic load-dependent braking system alWays 

requires that the load or the mass of the vehicles is knoWn. 
In the case of semitrailer units, the mass of the tractor is 
knoWn and changes only very slightly as the result of the 
persons riding along and the amount of fuel in the fuel tank. 
In practice, this mass can therefore be considered to be 
constant and knoWn from information from the manufac 
turer. In contrast, the mass of the trailer or the semitrailer 
depends decisively on the load and changes Within Wide 
limits. German Patent Document DE 39 11 253 A1 therefore 
suggests to measure the aXle loads of the tractor by sensors 
and to measure additional quantities, such as the brake 
poWer, the horiZontal and the vertical carrying force, and to 
control on the basis of these measured quantities the braking 
pressure for the trailer as a function of its load. In this case, 
all sensors are situated on the tractor so that a tractor 

equipped in this manner can be coupled to any trailer, even 
if this trailer is not equipped With an automatic load 
dependent brake poWer proportioning function. 

German Patent Document DE 42 43 245 A1 shoWs a 
similar braking system Wherein the aXle loads of the tractor 
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2 
and the supporting force of the semitrailer are measured at 
the kingpin. Here also, expensive force sensors are used. 
German Patent Document DE 41 32 501 also requires 
sensors Which measure the coupling forces betWeen the 
tractor and the trailer in order to determine from these 
measured values the coordination of the brake poWer for the 
trailer as a function of the load. 
German Patent Document DE 44 12 430 C1, correspond 

ing to US. Pat. No. 5,549,364 and German Patent Document 
DE 44 46 358 A1, Whose total disclosure content is hereby 
made the object of the present patent application, describe a 
braking system in Which the mass of the trailer is determined 
Without the use of load sensors or force sensors. More 
speci?cally, the mass is determined only on the basis of 
measured quantities of the speed, of a parameter of the 
braking and of a parameter of the rotational engine speed, 
Which eXist in the vehicle anyhoW. Using the determined 
vehicle mass, the brake poWer for the trailer is then con 
trolled as a function of its load. Thus, this braking system is 
basically suitable for being operated together With any 
trailers, particularly With trailers Which have no automatic 
load-dependent brake poWer proportioning function. 

It is an object of the invention to provide a braking system 
for controlling the braking of a trailer hitched to a tractor, 
taking into account the load condition of the trailer Where no 
automatic load-dependent brake poWer proportioning sys 
tem is required on the trailer and With loW cost, automatic 
load-dependent brake poWer proportioning systems capabil 
ity can also be installed in tractors Which have conventional 
braking systems Without any automatic load-dependent 
brake poWer proportioning function. 

According to the invention, this goal is achieved by 
recogniZing the possibility of being able to carry out a 
load-dependent braking also Without any automatic load 
dependent brake poWer proportioning device. The invention 
provides a braking system for controlling the braking of a 
trailer hitched to a tractor, While taking into account the load 
condition of the trailer. The load condition of the trailer is 
determined using information concerning the condition of 
the tractor. A separate automatic load-dependent brake 
poWer proportioning device for the trailer is not required 
Which signi?cantly reduces the costs in comparison to a 
braking system having such a device. 

In an embodiment of the invention, the load condition of 
the trailer is derived from a measurement of the rear aXle 
load force of the tractor (particularly a tractor for a 
semitrailer). In this case, a particularly simple embodiment 
of the invention is implemented because the rear aXle load 
force of the tractor can generally be measured by an auto 
matic load-dependent brake poWer proportioning device of 
the tractor. 

According to a particularly preferred embodiment of the 
invention, the measuring of the rear aXle load force of the 
tractor takes place by a coupling force calculation. For this 
purpose, reference is made to the full eXtent of German 
Patent DE PS 43 13 198 C2, corresponding to US. Pat. No. 
5,477,739 and DE 44 12 430 C2, corresponding to US. Pat. 
No. 5,549,364, and to DE 44 46 358 Wherein the vehicle 
mass and the trailer mass can be determined Without the use 
of load or force sensors. 

Using the determined load condition of the trailer, in a 
particularly advantageous manner, the control pressure of 
the trailer can also be modulated directly. That is, While 
bypassing or Without an automatic load-dependent brake 
poWer proportioning device, the brake pressure set by the 
driver on the tractor is not transmitted directly to the trailer 
but is ?rst varied as a function of the load condition of the 
trailer. 
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Additional advantageous variants of the invention are 
found in the other subclaims. 

Other objects, advantages and novel features of the 
present invention Will become apparent from the following 
detailed description of the invention When considered in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a How chart shoWing the method of operation of 
the braking system according to the invention; 

FIG. 2 is a basic circuit diagram of a braking system of the 
invention according to a ?rst embodiment of the invention; 
and 

FIG. 3 is a basic circuit diagram of a braking system of the 
invention according to a second embodiment of the inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

According to FIG. 1, a measurement of the rear axle load 
of the tractor (semitrailer tractor) is carried out at Step Aby 
the automatic load-dependent brake poWer proportioning 
function of the semitrailer tractor, for example. From the 
measured value, for example, in comparison With prestored 
reference values, load information is then determined con 
cerning the load condition of the semitrailer at Step B. Using 
the determined or estimated mass of the semitrailer, the 
control pressure for the semitrailer brakes Will then be 
calculated at Step C and appropriately modulated or adapted 
for the mass of the semitrailer. For this purpose, a brake 
circuit on the trailer brake control valve, such as the input 
from the rear axle circuit of the tractor, is acted upon by a 
control pressure Which is adapted to the actual semitrailer 
load at Step D. 

FIG. 2 shoWs a braking system according to a ?rst 
embodiment of the invention. All important parts of the 
invention are housed on the truck or tractor 1. As a function 
of the operation of a brake pedal 3, a conventional driver 
control valve 2 controls the pressure from a pressure 
medium source 4 to a pipe 5 of a ?rst brake circuit for 
braking the front axle of the tractor. The pressure medium is 
therefore guided by pipe 5 to brake cylinders 5.1 and 5.2 of 
the front axle. In a similar fashion, the second brake circuit 
has a pipe 6 to Which the brake cylinders 6.1 and 6.2 for the 
brakes of the rear axle are connected. 

In the case of the prior art, the tWo brake pipes 5 and 6 are 
connected directly to a trailer brake valve 7 situated on the 
tractor. The trailer brake valve 7, after a select-high function, 
sWitches the higher of the tWo pressures on pipes 5 or 6 
through to its output and transmits it to a brake pipe 8 for the 
trailer. The brake pipe 8 is connected by pipe coupling 9 With 
the braking system of the trailer 10 and speci?cally With the 
brake cylinders 11.1 to 11.4 of the trailer. The select-high 
function of the trailer brake valve 7 ensures that the trailer 
Will still be braked When one of the brake circuits 5 or 6 of 
the tractor fails. 

The invention is based on the fact that the trailer brake 
valve continues to be equipped With a select-high function 
so that the components according to the invention can also 
be subsequently installed in vehicles Which use such a trailer 
brake valve. In the case of the invention, various sensors 12 
are situated on the tractor. This is described particularly in 
the above-mentioned German Patent 43 13 198, US. Pat. 
No. 5,477,739, German Patent 44 12 430, US. Pat. No. 
5,549,364 and German Patent 44 46 358. These sensors 
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4 
supply their measured values to an electronic brake system 
13 (in the folloWing called EBS) Which, as a function of the 
brake pressure controlled on the tractor and the determined 
vehicle mass or the determined load of the trailer, modulates 
the brake pressure for the trailer. According to the invention, 
the EBS 13 supplies an electric output signal to a line 14 
Which controls a proportional valve 15. This output signal 
may be an electric voltage, an electric current or another 
electric signal sequence, such as a pulse-type signal. The 
proportional valve 15 is connected to the pressure medium 
source 4 and, at its output, supplies a braking medium 
pressure Which is proportional to the signal on the line 14. 
This braking medium pressure is to be supplied to the brake 
cylinders 11.1 to 11.4 of the trailer. HoWever, if this pressure 
Were supplied directly to the trailer brake valve 7 equipped 
With the select-high function, this Would not permit the 
automatic load-dependent braking because in most cases, 
particularly in the case of empty or incompletely loaded 
trailers, the braking medium pressure for the trailer must be 
loWer than that for the tractor. In most cases, the trailer brake 
valve Would therefore transmit the higher braking medium 
pressure for the tractor to the trailer. 

According to the invention, the output pressure of the 
proportional valve 15 is supplied as one input respectively of 
solenoid valves 16 and 18. The other input of the solenoid 
valve 16 is connected to the pipe 5 of front axle brake circuit. 
The other input of the solenoid valve 18 is connected to pipe 
6 of the rear axle brake circuit. The tWo solenoid vales 16 
and 18 are controlled by an electric control signal on a line 
20 from the EBS 13. In this case, the tWo valves 16 and 18 
are constructed as fail-safe or sWitch-over valves; that is, in 
the case of normal operating conditions With a perfectly 
functioning EBS 13, both valves 16 and 18 are actively 
excited. In the excited position, connect the output of the 
proportional valve 15 by pipe 17 or 19 With the tWo inputs 
of the trailer brake valve 6, Which in this case is a relay valve 
and has the described select-high function. Since the tWo 
pressures on pipes 17 and 19 are equally large in this 
operating condition, and speci?cally correspond to the out 
put pressure of the proportional valve 15, independently of 
the select-high function, this pressure is provided by pipe 
line 8 and the coupling 9 to the brake cylinders 11.1 to 11.4 
of the trailer 10. In the active condition, the valves 16 and 
18 therefore shut off the braking pressure on the pipes 5 and 
6 With respect to the trailer brake valve 7 so that, in the case 
of actively excited valves 16 and 18, only the pressure 
modulated by the proportional valve 15 is transmitted to the 
trailer 10. 

In the case of a failure of the EBS 13, the electric signal 
on the line 20 is sWitched off and, because of a spring force, 
the tWo valves 16 and 18 return into their rest position 
illustrated in FIG. 2. In this rest position, the input of the 
valves 16 and 18 connected With the output of the propor 
tional valve 15 is shut off and the pipes 5 and 6 are connected 
With the lines 17 and 19. In this case, the braking system Will 
then operate conventionally and transmit the higher one of 
the tWo pressures on the pipes 5 and 6 to the trailer via the 
trailer brake valve 7, Whereby all safety requirements are 
met in the case of a failure of the electronic brake system 13. 

In this case, the valves 16 and 18 can be a component of 
a modi?ed trailer control valve Which is implemented, for 
example, as a relay valve Which has tWo control inputs. This 
naturally requires a front-axle brake circuit and a rear-axle 
brake circuit. 

FIG. 3 illustrates an embodiment of the invention Wherein 
the tractor is equipped only With a single brake circuit 5 for 
the brake cylinders of the front axle 5.1 and 5.2 and the brake 
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cylinders of the rear axle 6.1 and 6.2. The mentioned valves 
are therefore connected to the single brake pressure pipe 5 
of the driver control valve 2. Here also, as in the embodi 
ment of FIG. 2, a trailer brake valve 7 is used Which has a 
select-high function. An input of trailer brake valve 7 is 
connected by line 17 to a shut-off valve 16‘ With a fail-safe 
function. The input of the shut-off valve 16‘ is connected to 
the pipe 5. Also the valve 16‘ is controlled by the EBS 13. 
When the valve 16‘ is excited, thus in the active condition, 
the connection from the pipe 5 to the trailer control valve 7 
is shut-off. Also in this embodiment and in the same manner 
as in FIG. 2, a sensor 12, an EBS 13 and a proportional valve 
15 are used. HoWever, the pressure medium output of the 
proportional valve 15 is connected directly to the second 
input of the trailer braking valve 7. 

In the normal operation of the EBS 13, the valve 16 is 
excited and thus the pressure on pipe 5 is shut off With 
respect to the trailer brake valve 7. In the case of a normal 
braking, the output pressure of the proportional valve 15 is 
therefore the higher one and is transmitted from the trailer 
brake valve 7 by Way of the pipe 8 and the coupling 9 to the 
trailer 10. In the case of a failure of the EBS 13, no signal 
Which excites the valve 16‘ exists on the line 20. Therefore, 
because of the force of an installed spring, the valve 16‘ 
returns into the rest position illustrated in FIG. 3 in Which the 
pipe 5 is sWitched through to the trailer brake valve 7. This 
pressure Will then be the higher one of the tWo input 
pressures and reaches the trailer 10. Thus, the safety function 
is ensured should the EBS 13 fail. 

In another embodiment, not shoWn, the fail-safe valve 16‘ 
of FIG. 3 could be substituted for the fail-safe valve 16 in 
FIG. 2. Thus, the output of the proportional valve 15 Would 
only be connected to the fail-safe valve 18. During normal 
operation of the EBS, the only input signal to the trailer 
brake valve 7 Would be the output of the proportional valve 
through fail-safe valve 18. 

Summarizing, an automatic load-dependent brake poWer 
proportioning function is implemented or simulated Without 
the requirement of additional valves or a high-expenditure 
sensor system on the trailer or semitrailer by the installation 
of a proportional valve 15 sWitched in front of the trailer 
control valve 7 and at least one suitable fail-safe valve 16 as 
an input of a brake circuit of the tractor. 

Although the present invention has been described and 
illustrated in detail, it is to be clearly understood that the 
same is by Way of illustration and example only, and is not 
to be taken by Way of limitation. The spirit and scope of the 
present invention are to be limited only by the terms of the 
appended claims. 

I claim: 
1. Braking system on a tractor for controlling the braking 

of a trailer in a vehicle including said tractor and trailer, said 
system on the tractor comprising: 

a pressure medium source; 

a driver brake valve having an output and being connected 
With the pressure medium source; 

at least one brake circuit connecting the output of the 
driver brake valve to brake cylinders of the tractor; 
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6 
a select high trailer brake valve Which connects the higher 

pressure on one of its ?rst and second inputs With its 
output, said output being connected With brake cylin 
ders of the trailer; 

several sensors; 
an electronic brake system connected With said sensors 

and Which determines the load condition of the trailer, 
generates a ?rst electric signal Which is proportional to 
the brake pressure to be controlled at the trailer as a 
function of this load condition, and generates a second 
electric signal; 

a proportional valve, having an output connected as an 
input to the trailer brake valves being controlled by the 
?rst electric signal, being connected to the pressure 
medium source, and Which provides at its output an 
output pressure proportional to the ?rst electric signal; 
and 

at least one fail-safe valve having an input connected With 
an output of the driver brake valve and having an output 
connected With an input of the trailer brake valve, and 
the at least one fail-safe valve being controlled by said 
second electric signal to disconnect output of the brake 
control valve from the trailer brake valve during the 
presence of said second electrical signal and to connect 
the output of the driver brake valve to the trailer brake 
valve in the absence of said second electrical signal. 

2. A braking system according to claim 1, Wherein the 
trailer brake valve is a relay valve. 

3. A braking system according to claim 1, Wherein the 
tractor includes only one brake circuit and only one fail-safe 
valve With the output of the fail-safe valve being connected 
With the ?rst input of the trailer brake valve; and 

the output of the proportional valve is connected directly 
With the second input of the trailer brake valve. 

4. A braking system according to claim 1, Wherein: 
the tractor includes tWo brake circuits and tWo fail-safe 

valves, the brake circuits are each connected to a ?rst 
input of a respective fail-safe valve; 

the output of each fail-safe valve is connected With a 
respective input of the trailer brake valve; 

both fail-safe valves are controlled by the second electri 
cal signal; 

the output of the proportional valve is connected to a 
second input of at least one of the tWo fail-safe valves; 
and 

said at least one fail-safe valve disconnects the output of 
the driver brake valve from the trailer brake valve and 
connects the output of the proportional valve With the 
respective input of the trailer brake valve during the 
presence of the second electrical signal, and discon 
nects the output of the proportional valve from the 
trailer brake valve and connects the output of the driver 
brake valve to the respective input of the trailer brake 
valve in the absence of said second electrical signal. 

5. A braking system according to claim 4, Wherein the 
output of the proportional valve is connected as a second 
input to both fail-safe valves Which operate identically. 

* * * * * 


